The main objective of this study was to analyze the effects of sex, ovariectomy (Ovx) and orchidectomy (Orx) on antidepressant and anxiolytic effect of melatonin in forced swimming test, open field test and elevated plus maze test. Initially, 4 mg/kg of melatonin was daily administered, at 4:00 pm, to intact male and female rats during 8 weeks. Our results have shown that the effect of chronic injection of Mel is sex dependent in the three behaviors tests. Females rats have responded better than males in behavior test study after administration of melatonin, this difference between the sexes may be related to the action of sex hormones (androgens and estrogens) on behavior in males as well as in females. Secondly, to determine the possible interaction between Melatonin and steroid hormones, Ovx/sham female received Mel at dose of 4 mg/kg alone or NaCl (0.9%) alone, and Orx/sham male received Mel at dose of 4 mg/kg alone or NaCl (0.9%) alone daily and during 8 weeks of treatment at 4:00 pm. All animals were tested in the open-field test, elevated plus maze test for anxiety behavior study, and forced swimming test for depression behavior study. Results revealed that Mel exerts an anxiolytic and antidepressant effects in the orchidectomized males and in intact females, confirming that the suppression of androgens by orchidectomy improved anxiolytic and antidepressant effects of melatonin in males. However in females, the suppression of estrogen by ovariectomy masked the antidepressant and anxiolytic effects of melatonin. Our results confirmed that the antidepressant and anxiolytic effects of melatonin are linked to sex hormones.
Introduction
In the rat, rhythmic melatonin production is driven by a circadian rhythm of the activity of pineal N-acetyltransferase (NAT) which synthesizes the melatonin precursor N-acetylserotonin [1] . The NAT rhythm is controlled by a light-entrainable circadian pacemaking system in the suprachiasmatic nucleus (SCN) of the hypothalamus; SCN lesions abolish this rhythm [2] . Photic information is conveyed to the SCN by a direct retinal projection, the retinohypothalamic tract, and, to a lesser extent, also by other pathways especially by the geniculohypothalamic tract [3, 4] . In the rat, these photic inputs terminate mostly in the ventrolateral (vl) or ventral part of the SCN [4, 5] .
The vl-SCN exhibits a rhythm of sensitivity to light [6] . Norepinephrine released at night from sympathetic nerve endings in the pineal gland stimulates adrenergic recaptors and the cAMP pathway; the resulting induction and activation of pineal NAT activity leads to high nighttime melatonin levels [7] . Once synthesized, melatonin is released directly into general circulation to establish its endocrine function on blood glucose, appetite, and sleep. In addition to these functions, melatonin seems to exert psychotropic effects in rodents, such as sedative activeties, analgesic, anticonvulsionants, anxiolytic and antidepressant [7, 8] . In humans, melatonin has been studied for possible application in disorders of mood disturbances that were evident in the circadian profile of melatonin in depressed patients [9] . The anxiolytic effects of mela-tonin have been frequently reported in experimental situations such as "the passive avoidance test", "open field test or high cross", which are constructed situations to induce a "state" of anxiety in the both sex of rats [10] .
Thereafter, the Sex differences in the diagnosis of major depressive disorder in humans [11] , and in the relative efficacy of various antidepressants [12] , have frequently been reported; the results of pharmacological investigations have revealed differences between men and women. These apparent sex differences in response to antidepressants may be attributable to varying steroid levels. Estradiol can exert profound effects on mood by acting on neurotransmitter systems that are implicated in depression [11] . Sex differences in the immobility behavior have been reported in the forced swimming test (FST). Thus, intact male rats show higher levels of immobility [14, 15] and a reduced sensitivity to antidepressants [15, 16] compared to females. Thus, progesterone and different estrogenic compounds produce antidepressant-like effects in ovariectomized rats [17] [18] [19] [20] .
In fact, it has been proposed that lower nocturnal melatonin may be a trait-dependent marker for depression [21, 22] . Pharmacological investigations have also supported the notion of an antidepressive potential for melatonin [21, 22] .
Knowing that the estrogen receptor and/or androgens are located on the same brain regions where melatonin receptors are dominant [23] , it is mainly the limbic system, hippocampus, hypothalamus and amygdala, it has been suggested that the hormone, melatonin, possesses therapeutic benefits to individuals suffering from depression [23] . Although controlled, clinical trials have not been performed. However, few existing studies demonstrated that the effects of melatonin treatment on forcedswim test behaviors are sex-dependent [24] , and a previous study have shown similar result, females treated with melatonin have respond better than men in anxiety and depression tests.
The main purpose of the current study was to investigate the influence of gonadectomy on antidepressant and anxiolytic effects of melatonin in male and female rats in forced-swim behavior, Elevated place maze, and open field test, in order to demonstrate an eventual implication of sexual hormones.
Materials and Methods

Animals
The Wistar rat is used for this study. The experiments were performed on male and female rat's initially weighing (80 ± 20) g. All rats were maintained on a 12 h Light/12 h dark cycle and at a standard temperature 21C˚ ± 1C˚. Water and food were provided ad libitum. Female rats were bilaterally ovariectomized after being anesthetized with chloral hydrate (0.5 ml/100 g, sigmaaldrich, laborchemikalien Gmbh, Germany). In the ovariectomized rat (Ovx) a ventral incision was made to expose the ovaries which were removed after ligation of the uterine horn. And male rats were orchidectomized (Orx). Briefly, a single midline incision was made in the scrotum and the testes exposed and removed. All rats were housed by sex in cages (6 rats/cage of 36 cm long, 20 cm wide and 15 cm high). At the beginning of treatment, the colony room was maintained under a long photoperiod LD: 16/8 (16 h Light/8h Darkness, lights off at 0000 h).
Experimental Procedure
Melatonin (Sigma Lot No. 112K0998 France), was dissolved in 5% ethanol. Seventy two rats received, at 4:00 pm during 8 weeks, daily subcutaneous injection of NaCl (0.9%) or Melatonin at dose of 4 mg/kg.
A first experimental series was designed to determine the antidepressant and anxiolytic effects of melatonin in intact male and female rats. Treated group (male and female 6 per cage per groups) received melatonin at dose of 4 mg/kg. A control group received saline solution NaCl (0.9%) as vehicle.
The second experiments series was designed to determine the possible interaction between melatonin and steroid hormones in both sexes. Eight groups of rats (Ovx/sham female received Mel at dose of 4 mg/kg alone or NaCl (0.9%) alone, and Orx/sham male received Mel at dose of 4 mg/kg alone or NaCl (0.9%) alone.
At the end of treatment, the rats were subjected to different behavioral tests to evaluate the anxiety and the depression levels. Open Field test (OFT), Elevated plus maze (EPM) and forced swimming test (FST) are undertaken in this order on 3 consecutive days without stopping treatment.
Behavioral Testing
Open Field Test
The investigatory behavior was tested in a wooden made apparatus (100 cm × 100 cm). As previously reported [25] , it was enclosed with 40 cm high walls and placed under strong illumination (100 W, 2 m above the apparatus). The area was divided into 25 squares (20 cm × 20 cm), defined as 9 central and 16 peripheral squares. At the beginning of the 10-min test, the animal was placed in the center of the apparatus and its behavior was videotaped for subsequent analysis. The device was cleaned after each individual rat session. The quantified parameters were the time spent in the center of the area (TCA) and the number of returns to the nine square central sections (NRC). Central perimeter residence time is used as a measure of anxiety [26, 27] . The number of returns to the central area is also an indicator of the emotional reactiveity [25] . The central area of a novel environment is anxiogenic and aversive and the behavioral inhibition appears therefore as an avoidance behavior towards the central zone of the open field [28] . The apparatus was cleaned between each examination using 70% ethyl alcohol.
Elevated Plus-Maze Test
The EPM is an ethological model of anxiety in rodents provoked by the novelty and repulsion as a result of elevation and illumination of the maze [29] . This test is based on the creation of a conflict between the exploratory drive of the rat and its innate fear of open and exposed areas; it has been validated for the detection of emotional responses to anxiogenic and anxiolytic substances [30] . Thus, increased open-arms exploration indicates reduced anxiety-related behavior. The EPM consists of a wooden plus-shaped platform elevated 70 cm above the floor. Two of the opposing arms (50 cm × 10 cm) are closed by 40 cm high side and end walls, having an open roof. In order to avoid fall, the other two arms (open arms) were surrounded by 0.5 cm high edge, the four arms had at their intersection a central platform (10 cm × 10 cm) [26] . A 100-W lamp was placed exactly over the central platform. At the beginning of the test, the rats were placed on the central area of the maze facing an open arm. The following parameters of anxiety-related behavior were measured during the 5 min testing period: 1) entries into open arms (EOA), 2) time spent on the open arms (TOA), 3) and number of full entries into the arms (TAE) [31] . Decreased anxiety-like behavior is illustrated by a significant statistical increase of parameters in open arms (time and/or entries). Although, entries in closed arms and total entries reflect the motor component of the exploratory activity [26, 32] . To eliminate any lingering olfactory cues, the apparatus was cleaned between each examination using 70% ethyl alcohol.
Forced Swimming Test
The method followed was that described by [32] . Swimming sessions were conducted by placing the rat in individual glass cylinders (height = 50 cm; diameter = 30 cm) containing 30 cm of water at (23˚C ± 2˚C). During the session, rats were forced to swim for 5 min and the duration of immobility was measured. The latency to the first bout of immobility was also recorded starting immediately after placing the rats in the cylinder. A rat was judged immobile when it ceased all active behaviors (i.e. struggling, swimming and jumping) and remained passively floating or making minimal movements necessary to maintain the nostrils above water. High percent time floating is interpreted as an increased depressive-like response [32] .
Statistics
All data are expressed as the means ± standard error of the means (S.E.M.). To determine the differences between experimental groups statistical analysis was performed by analysis of variance (ANOVA) 1st/2nd order followed by a post-hoc tests (Fisher LSD) or Student test "t". Differences were considered significant when p < 0.05, very significant when p < 0.01 and highly signifycant when p < 0.001. (Figure 1(a) ) The melatonin treatment showed highly significant effect (p < 0.001) and a sex effect was observed (p < 0.05). There was an interaction between melatonin and sex (p < 0.001). As well, females treated with melatonin spent highly significant time in center area compared with males treated with melatonin (t (3,16) = 9.13, p = 0.00001 < 0.001). The results of female groups revealed a signifycant difference between the control group and the treated one regarding the (TCA) parameter (t (3,16) = 7.73, p = 0.00005 < 0.001). Although, there were no significant difference between the two group in male rats (t (3,16) = 1.52, p = 0.16 > 0.05).
Results
Effect of Sex
3.1.1.2. Number of Returns to the Center (NRC) (Figure 1(b) ) This parameter was significantly affected by melatonin treatment (p < 0.01), and a sex effect (p < 0.01)) was observed. The interaction between melatonin and sex reached the statistical significance (p < 0.01). Melatonin treatment significantly increased the (NRC) in female rats than males (t (3,16) = 5.04, p = 0.0009 < 0.001). As compared to the control group, females treated with melatonin showed a significant difference in exploring the center of (OF) (t (3,16) = 4.16, p = 0.003 < 0.01), while this parameter did not differ significantly in males (t (3, 16) = −0.23, p = 0.82 > 0.05).
3.1.1.3. Locomotor Activity (NTS) (Figure 1(c) ) Locomotor activity was unaffected by melatonin treatment (p > 0.05), and no effect of sex (p > 0.05) was noted. The interaction between melatonin and sex did not (Figure 2(a) 
Forced Swimming Test
Immobility Time (TIM) (Figure 3) The treatment of melatonin showed a significantly higher effect (p < 0.001) on immobility time, and a sex effect (p < 0.05) was observed. Furthermore an interaction between melatonin and sex (p < 0.001) was noted. In addition, females treated with melatonin showed lower immobility time compared with males treated with melatonin (t (3.16) = −4.74, p = 0.001 < 0.01). In females, significant difference was revealed between the control group and the treated one (t 
Second Part: Effects of Melatonin on Ovariectomized Rats
Open Field Test
3.2.1.1. Time Spent in the Central Area (TCA) (Figure 4(a) ) Statistical analysis showed that sham operated rats treated with melatonin spent more time in the central squares compared to the ovariectomized rats treated with melatonin (p < 0.05) and ovariectomized rats treated with NaCl (0.9 %) (p < 0.001).
Moreover, a very significant difference was revealed between the sham operated group treated with melatonin and sham operated group treated with NaCl (0.9%) (p < 0.01). However, no significant difference was found between the ovariectomized group treated with melatonin and those treated with NaCl (0.9%) (p > 0.05). (Figure 4(b) ) The sham operated group treated with melatonin explored the central lines more than the sham operated treated group with NaCl (0.9%) (p < 0.05). The ovariectomized treated group with melatonin explored less the central tiles than the sham operated treated with melatonin (p < 0.05). The frequency of returning to the center was significantly higher in sham operated treated group with melatonin than in ovariectomized treated group with NaCl (0.9%) (p < 0.01). However, no differences were noted between the group Ovx melatonin and Ovx NaCl (0.9 %) (p > 0.05). 
Number of Returns to the Center (NRC)
Locomotor Activity (NTS) (Figure 4(c))
The locomotor activity was not altered by the ovariectomy or melatonin treatment (p > 0.05).
Elevated Plus Maze
3.2.2.1. Time Spent in Open Arms (TOA) (Figure 5(a) ) The effects of melatonin were more pronounced in Ovariectomized group than Sham operated group (p < 0.01).
As well, the Ovx group treated with NaCl (0.9%) spent less time in open arms compared to the sham operated group treated with melatonin (p < 0.05). Similar results was observed between this latter group and the sham operated group treated with NaCl (0.9%) (p < 0.05).
Entry to Open Arms (EOA) (Figure 5(b))
The sham operated group treated with melatonin entered the open arms significantly more often than ovariectomized group treated with melatonin (p < 0.001), and the sham operated group treated with NaCl (0.9%) (p < 0.05). In addition, the Ovx group treated with NaCl (0.9%) entered the EOA less often than the sham operated group treated with melatonin (p < 0.05), and this latter entered more often in EBO than the sham operated group treated with NaCl (0.9%) (t (3.16) = −3.68, p = 0.006 < 0.01).
Total Entries in Arms (TEA) (Figure 5(c))
The Locomotor activity was not altered by the ovariectomy or melatonin treatment (p > 0.05).
Forced Swimming Test
Immobility time (TIM) (Figure 6 ) The effects of melatonin wore more pronounced in the Ovx group compared to the sham operated group regarding the immobility time (p < 0.01). As well, the sham operated group treated with melatonin presented a TIM significantly lower than the sham treated with NaCl (0.9%) (p < 0.05). However, no significant differences between groups Ovx (Mel/NaCl (0.9%)) were observed (p > 0.05). sham operated treated with NaCl (0.9 %) (t (3.16) = −0.11, p = 0.09 > 0.05). Similarly, between the Orx melatonintreated and Orx treated with NaCl (0.9%) (t (3.16) = −1.99, p = 0.08 > 0.05). (Figure 7(b) ) Statistical analysis showed that Orx rats treated with melatonin explored significantly more the central squares than Orx rats treated with NaCl (0.9%) (p < 0.05), and sham operated rats treated with melatonin (p < 0.01), the same compared to sham rats treated with NaCl (0.9%) (p < 0.01). However, no significant difference between the sham group treated with melatonin and the group treated with sham NaCl (0.9%) was noted (p > 0.05).
Effects of Melatonin on
Number of Returns to the Center (NRC)
3.3.1.3. Locomotor Activity (NTS) (Figure 7(c) ) The Locomotor activity was not altered by the orchidectomy or melatonin treatment (p > 0.05). (Figure 8(a) ) This parameter was significantly higher in orchidectomized rats treated with melatonin than sham operated group treated with melatonin (t (3.16) = −2.75, p = 0.02 < 0.05), or with NaCl (0.9%) (t (3.16) = −2.34, p = 0.02 < 0.05). However, no significant difference between the sham group treated with melatonin and sham operated group treated with NaCl (0.9%) (t (3.16) = 0.43, p = 0.67 > 0.05) were noted. Moreover, no significant difference was found between the Orx group treated with melatonin and the Orx group treated with NaCl (0.9%) (t (3, 16) (Figure 8(b) ) Statistical analysis showed that Orx rats treated with melatonin had visited the open arms significantly more than Orx rats treated with NaCl (0.9%) (p < 0.05), and very significantly compared to sham operated treated rats by melatonin (p < 0.01), the same result was observed compared to sham operated rats treated with NaCl (0.9%) (p < 0.01). However, there was no significant difference between the sham operated group treated with melatonin and sham operated groups treated with NaCl (0.9%) (p > 0.05).
Elevated Plus Maze
Time Spent in Open Arms (TOA)
Entry to Open Arms (EOA)
3.3.2.3. Total Entries in Arms (TEA) (Figure 8(c) ) No significant effect of orchidectomy and melatonin treatment was noted on locomotor activity (p > 0.05).
Forced Swimming Test
Immobility Time (Figure 9 )
The immobility time in orchidectomized group treated with NaCl (0.9%) was lower than the sham operated group treated with NaCl (0.9%) (p < 0.01). The same data was observed in Orx group treated with melatonin compared to the sham operated group treated with melatonin (p < 0.01). This one presented a low immobility time compared to the sham group treated NaCl (0.9%) (p < 0.001).
Discussion
The aim of this study was to analyze the influence of gonadectomy on antidepressant and anxiolytic effects of melatonin in male and female rats. In such studies of stress and emotional behavior, the behavioral variables that change in the presence of a typical stressful situation, is an essential tool in status and emotional activation level assessing of an individual. These variables should change in an emotional situation with intensities and high frequencies they would under normal non stress [33] . In our study, the assessment of these behaviors was based on behavioral tests (open field and elevated plus maze) to measure anxiety and (forced swimming test) to measure depressive levels. Overall, our results have shown an anxiolotic and antidepressant effects of exogenous Mel at 4 mg/kg in rats. Similar studies demonstrated that exogenous treatment with melatonin alone [34] or in conjunction with sub threshold doses of benzodiazepines [35] had an anxiolytic effect in several anxiety tests. Thereafter, in our study, these effects were sex dependent on three behavior tests: (OFT), chronic injection of Mel at 4 mg/kg showed significant anxiolytic effect in both parameters TCA and NRC in female rats. Similar results were reported in females [36] . However, male rats are less active and don't show significant effects on both parameters, these results are consistent with other research aimed to study the effect of Mel injection in both sexes [24] . The same result was revealed on (EPM) test, chronic administration of Mel at 4 mg/kg showed significant effect on EOA and TOA parameters in females. However, male rats are less active and didn't show significant effects on the studied parameters, these results are consistent with those reported by [37] .
Thus, in FST test, while it appears that acute melatonin administration at high dose (30 mg/kg) does not alter the immobility duration [38] , lower doses (10 mg/kg) reduce immobility times [39] . In our results, chronic melatonin administration at 4 mg/kg decreased immobility behavior in females but not in males. The sex differences in FST test have previously reported [40] . In addition, intact male rats showed high immobility levels [15, 41] , and reduced antidepressants sensitivity [15, 16] compared to females.
The antidepressant effects of melatonin are likely mediated by the 5-HT 2A receptor, as biochemically [42] and behaviorally [43, 44] has been shown to act as a 5-HT 2A antagonist. Furthermore, decrease in the occurrence of immobility in the FST has been linked directly to reduction in activity at the 5-HT 2A receptor, and it has been suggested that antidepressant-like effects seen in the FST are ultimately regulated by the 5-HT 2A receptor [44] .
However, it should be noted that the antidepressantlike action of melatonin could be mediated by melatonin receptor itself [45] , or by interactions with other neurotransmitter systems, such as the GABAergic system [44, 46] . The difference between the sexes may be related to the hormones action on cognitive function and behavior in males as well as in females [47] . In the present study, the ovariectomy cancelled the antidepressant and anxiolytic effects of melatonin, furthermore, the progesterone and different estrogenic compounds produce antidepressant-like effects in ovariectomized rats [17] [18] [19] 48] . Moreover, it has been reported that β-estradiol facilitate the antidepressant effect of DMI and FLX, through reduction in immobility and increase of climbing or swimming behaviors respectively [20] . But in males, the orchidectomy increases the antidepressant and anxiolytic effects of melatonin. However, systematic studies to evaluate the possible interaction between androgens and antidepressants have not been conducted [49] . Thus, our results confirm our hypothesis.
This sexual dimorphism is also observed in the psychiatric field. The psychotic disorders such as schizophrenia, showed a significant difference between men and women regarding the incidence and prevalence at onset age and therapeutic response quality. The organizational effects of sex hormones are usually observed before cerebral maturation, their differentiation is extended to puberty. Thus, Estrogens, allowed a rapid cerebral maturation in female than male. As evidence, in male brain development is characterized by progressive and regressive processes such as synaptic and axonal pruning and progressive myelination and lateralization of brain function more tardive than women [50] . This retardation justify that male brain has a greater vulnerability to pre-or perinatal accidents, involved in structural brain alterations. In schizophrenia, these structural alterations might explain the presence of negative symptoms or the early onset of the disease [51] .
To summarize, further investigations are necessary to understand the mediation of sex hormones on melatonin actions.
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